Laser sources operating in the 2.1 μm region will benefit many applications, including environment monitoring [1] , remote sensing, medical surgery and pumping nonlinear frequency conversion process [2] . Here, we present a continuously-tunable thulium(Tm)-doped fiber laser (TDFL) operating at the important 2.1 μm region, which is tandem-pumped by another TDFL at 1908 nm.
Laser sources operating in the 2.1 μm region will benefit many applications, including environment monitoring [1] , remote sensing, medical surgery and pumping nonlinear frequency conversion process [2] . Here, we present a continuously-tunable thulium(Tm)-doped fiber laser (TDFL) operating at the important 2.1 μm region, which is tandem-pumped by another TDFL at 1908 nm.
The experimental layout of the wavelength-tunable TDFL at ~2.1 μm is shown in Fig. 1 (a) , which was corepumped by a 1908 nm pump source, which was another TDFL. We used 5.5 meters of Tm fiber in order to enhance re-absorption and achieve lasing at long wavelengths. A dichroic mirror was inserted to split the 1908-nm pump and the generated long-wavelength light. A diffraction grating in a Littrow configuration provided wavelength-selective feedback and hence a means for tuning the lasing wavelength. A partial-reflection mirror, with reflection of 60% at 2000-2700 nm, was placed on the other end of the laser cavity as an output coupler (OC) of the laser.
Pumping a TDFL at >1900 nm has an inherent advantage of producing much less parasitic gain at shorter wavelengths, and thus also represents a preferred pumping approach for generating laser emission at 2.1-2.2 μm. To illustrate this, Fig. 1 (b) shows the calculated gain spectra of a Tm-doped fiber at different pump-wavelengths, based on a gain model reported by Pask et al. [3] . At a pump-wavelength of 1560 nm, the gain at 1830 nm is 30 dB higher than that at 2100 nm. In comparison, at a pump-wavelength of 1910 nm, the gain difference between the peak wavelength and 2100 nm was only 8 dB, clearly illustrating the reduced parasitic gain in a Tm fiber by using of a longer pump wavelength. Fig. 1(a) The layout of the wavelength-tunable TDFL at 2.1 μm, (b) Calculated gain spectrum of a Tm-doped fiber pumped at different pumping wavelengths. Simulation parameters: pump power, 1W; small-signal absorption of the Tm: fiber at 1560 nm, 300 dB/m; the lengths of the Tm: fibers were selected to obtain a gain of 5 dB at 2100 nm, (c) Measured output spectra from the wavelength-tunable TDFL; (d) Measured output laser power versus launched pump power at different oscillation wavelengths.
